Background: Estimated as the second or third most prevalent respiratory pathogen in the pediatric population, routine testing for human metapneumovirus (hMPV) can have a pivotal impact on children's clinical outcome.
Background
Since its first description in 2001, hMPV has been detected in all continents independent of the economic status of different countries (1) (2) (3) . The prevalence of hMPV in children with acute respiratory tract infection (ARTI) has been estimated as 5% to 15% (4), making it the 2nd or 3rd most prevalent pathogen in children with ARTI, with only human respiratory syncytial virus (hRSV) and possibly rhinovirus being more prevalent (5, 6) .
For accurate diagnosis of hMPV infections, four principal methods can be applied: virus isolation via culture, serological tests, RNA detection by reverse transcriptasepolymerase chain reaction (RT-PCR), as well as antigen detection (7, 8) . Virus isolation using cell cultures is validated as the "gold standard", though tedious due to slow viral growth and subtle cytopathic effects without apparent syncytium formation. Serological tests can be of importance for retrospective discrimination between primary infection and reinfection; however, the antibody response in the acute phase is not helpful in the diagnosis of hMPV infections (9) . Therefore, RT-PCR is regarded as the most sensitive and specific tool for the detection of hMPV (9, 10) . Nonetheless, RT-PCR can be performed only in equipped laboratories and requires > 6 hours to yield results (8) . Meanwhile, DFA staining of respiratory epithelial cells present in nasopharyngeal aspirate (NPA) using a virusspecific monoclonal antibody (MAb) is a rapid diagnostic tool for conventional respiratory viruses and is easily performed in clinical virology laboratories (4).
Objectives
We endeavored to compare the sensitivity and specificity of the DFA assay versus rRT-PCR in the diagnosis of hMPV infection. In the meantime, we analyzed the clinical features of hMPV infection during the respiratory disease season.
department of microbiology and immunology, Cairo University.
Population of Study and Disease Condition
This cross-sectional analytical study was conducted on infants presenting with ARTI at El-Mounira pediatric university hospital, Cairo university. A total of 50 infants were selected using non-random purposive sampling. The study was done over a period of six months, from December 2014 through May 2015. Prior to enrollment in the study, an informed written consent from the parents or guardians was obtained after detailed explanation of the study nature. All patients participating in the present study were subjected to history taking and clinical examination for signs of ARTI.
Inclusion Criteria
Children aged ≤ 24 months presenting with any combination of the following manifestations, cough, difficulty in breathing, fever, chest indrawing, or rapid breathing (≥ 50 breaths/minute in children aged 2 -11 months or ≥ 40 breaths/minute in children aged 12 -24 months), were included in the study (11) .
Exclusion Criteria
Patients were excluded if they were < 2 months or > 2 years of age, unable or unwilling to participate according to the parent's or guardian's will or presenting >7 days after the onset of symptoms (8).
Specimen Collection, Transport and Processing
• From each patient, 1 -2 mL of nasopharyngeal secretions were aspirated through a catheter fitted to an electric suction device (12) . Endotracheal aspirate (ETA) was obtained in intubated patients.
• The catheter was flushed with 3 mL of viral transport medium (MicroTest M4 medium; Remel, Lenexa, KS) (13) .
• Upon arrival to the laboratory, samples were mixed via pulse-vortexing and divided into two aliquots; one aliquot was used within 72 hours for the DFA at the virology unit of the medical microbiology and immunology department, Cairo University and the second was kept at -70°C until further testing by rRT-PCR at the molecular biology unit of the medical biochemistry department, Cairo university.
Detection of Human Metapneumovirus

Direct Fluorescent Antibody assay
This was carried out using light diagnostics human metapneumovirus DFA assay (Millipore, Billerica, MA). The reaction was considered positive when a characteristic granular bright apple-green fluorescence was visualized in the cytoplasm and/or the nucleus. While if a dull red fluorescence was detected, it was considered negative (14).
Real Time Reverse Transcriptase-Polymerase Chain Reaction
Viral RNA was extracted using QIAamp viral RNA mini kit (Qiagen, Germany) as per the manufacturers' instructions. Both complementary DNA synthesis and PCR were performed in a single tube on the StepOnePlus Real-Time PCR system (applied biosystems, CA, USA). Positive control and negative control (RNAse/DNAse free water) were used in every PCR run (15) . The following kits were used according to manufacturer's instructions.
• Primer design genesig advanced kit (PrimerDesign Ltd, Southampton, Hants, UK) that detects N gene of hMPV.
• PrimerDesign oasig lyophilised OneStep qRT-PCR Mastermix kit (PrimerDesign Ltd, Southampton, Hants, UK).
Statistical Analysis
All statistical analyses were performed using microsoft excel 2007 (Microsoft Corporation, USA) and SPSS (statistical package for the social science; SPSS Inc., USA) version 16 for microsoft windows. Data were statistically described as range, mean ± standard deviation (SD), median, frequency and percentages. Comparison of age, total leukocytic count, lymphocyte count and absolute neutrophil count was carried out using Mann Whitney U test. In order to compare categorical data, Chi square (χ 2 ) test was performed. Fisher's exact test was applied when the expected frequency was less than 5. A probability P value of < 0.05 was considered statistically significant. Kappa statistics were used to compute the measure of agreement between DFA and rRT-PCR.
Results
From December 2014 through May 2015, fifty pediatric patients were enrolled in this study. Using DFA, two samples (4%) were positive, whereas four samples (8%) tested positive for hMPV by rRT-PCR.
The hMPV infection rate showed no statistical significant difference regarding age or gender (Table 1) . Our results revealed that hMPV infections occurred during January through March, with a peak during February ( Figure  1 ).
Considering the medical history, one hMPV-positive infant had congenital cardiac disease and another one had bronchial asthma (Table 2) . A statistically significant difference was observed regarding the lymphocytic count of hMPV-positive cases and hMPV-negative cases. All patients with hMPV infection had respiratory distress with cough as a symptom (Table 3) . Antibiotics, corticosteroids, and bronchodilators were the medications mostly offered (100%, 100%, and 75% respectively). 
Human Metapneumovirus (Hmpv) Sample Description
All hMPV positive cases were recovered from NPA, while ETA was negative by both DFA and rRT-PCR assays (Table 4) .
Results of the Direct Fluorescent Antibody assay for Human Metapneumovirus
Human metapneumovirus was detected by the DFA assay in two (4%) samples (Figures 2A and 2B ), while the remaining 48 samples (96%) were negative ( Figures 3A and  3B ).
Results of rRT-PCR for Human Metapneumovirus (Hmpv)
Four specimens (8%) were positive for hMPV by rRT-PCR. Out of them, two samples were positive by the DFA assay. Reverse transcription PCR results were expressed as hMPV copies per milliliter of original sample. The numbers of hMPV copies/mL in the four PCR positive samples ranged from 500 to 2 × 10 4 . The sample with the highest template count showed an amplification curve with cycle threshold (CT) value at cycle 25.9 with a copy number of 2 × 10 4 copies/mL (DFA positive). The second one showed an amplification curve with CT value at cycle 26.9 and the copy number was 1 × 10 4 copies/mL (DFA negative). The third one showed an amplification curve with CT value at cycle 27.6 and the copy number was 6150 copies/mL (DFA positive). The sample with the least template count showed an amplification curve with CT value at cycle 30.6 and the copy number was 500 copies/mL (DFA negative).
Statistical correlation between the results of rRT-PCR as a standard method with the DFA assay was done as shown in Table 5 . Kappa value (statistical measurement of agreement) was < 0.001, denoting a significant agreement between DFA and rRT-PCR.
Discussion
Acute respiratory tract infections have been major causes of morbidity and mortality, especially among the Arch Pediatr Infect Dis. 2017; 5(2):e39830. current study, hMPV was detected in 8% of the studied cases. This rate was consistent with that of Heikkinen et al. (20) , who reported the incidence of hMPV infection as 7.6% in children < 2 years of age. Another study from Amman conducted by Schuster et al. (21) reported a detection rate of 8.6% among children < 2 years presenting with ARTI. Nonetheless, a higher detection rate was reported in some These variations could be affected by viral internal factors like the efficiency of viral replication, the virus ability to evade the host immune responses, the transmission route or environmental factors including geographical region, climate, seasonal fluctuation, yearly variations, and finally the genetic predilection of patients (22) .
The present work revealed that there was no statistically significant difference between males and females regarding hMPV infection. This result was in agreement with Zou et al. (24) and Wang et al. (25) .
In this study, the majority of hMPV-positive patients were detected during the winter months (11.5%) with the peak in February (16.7%). In line with our results, Ali et al. (26) from Pakistan reported February as the peak of hMPV activity (63%). However, a study from China stated that hMPV infections rather occurred throughout the year, with infection peaks during late winter and early spring (25) .
Infants with underlying risk factors, particularly those with a history of prematurity or congenital heart disease, are at greater risk for unfavorable sequelae when infected with a respiratory virus (27) . In this study, prematurity was found in one patient and co-morbidities were noticed in two patients, including cardiac disorder in one patient (25%) and allergy in the other one (25%). Similarly, Boivin et al. (28) found that 25% of children with hMPV infection had a cardiac disorder. Hence, the determination of risk factors for severe hMPV disease in young children can identify high-risk groups, who would benefit from preventive and therapeutic strategies (29) .
In the present work, investigations revealed that infants with hMPV infection were more likely than those without the infection to have a higher lymphocytic count, possibly owing to the presence of specific viral diagnosis. Furthermore, chest X-ray in hMPV positive-patients was indifferent from hMPV negative cases. These findings assert that hMPV infections are moderate to severe in potency.
In our study, antibiotics and corticosteroids were by far the most frequently prescribed treatments followed by bronchodilators. Because at the time of consultation, no etiological pathogen had been detected, physicians continued treatment with antibiotics and corticosteroids to control potentially unidentified bacterial infections and to alleviate wheeze. This indicates that testing for hMPV in patients with ARTI may reduce unnecessary use of antibiotics and corticosteroids (30) .
In this study, we found that one infant required Intensive Care Unit (ICU) admission and none of the patients with hMPV infection received mechanical ventilation. In some reports, none of the children infected with hMPV required ICU admission (28) ; however, others indicated that 15-25% of children required ICU care (31) . Moreover, in the present work, there were no deaths associated with hMPV infection. This was also reported by Garcia-Garcia et al. (32) and Edwards et al. (23) . Nonetheless, data revealed that hMPV may induce serious disease, and fatal outcomes have been reported (33, 34) .
In our study, all hMPV positive cases were recovered from NPA, while ETA was negative by both DFA and rRT-PCR assays. This was in agreement with earlier studies, which recommended NPA and swab specimens for hMPV detection (10, 35).
In the present study, the mean delay between the onset of symptoms and sample collection was 3.24 ± 1.04. It was found that the longer the delay between symptom onset and sample collection, the more difficult it is to detect the causative agent. The majority of respiratory viruses are present in high titers in the respiratory tract in the first three days following symptom onset, whereas the viral nucleic acid may remain for a longer duration. Therefore, DFA loses sensitivity after the first three days post-onset of symptoms. In contrast to DFA, rRT-PCR represents a sensitive tool for virus detection even two weeks after symptom onset (36) . The high sensitivity of rRT-PCR permits detection of viral nucleic acid even after the virus has disappeared, which renders it difficult to decide if the virus is the primary contributor to disease. Hence, nucleic acid detection results should be interpreted with caution (37) . The use of rapid tests for the diagnosis of hMPV infections allows implementation of proper infection control strategies, thus facilitating timely treatment (38) . Goodquality smears and expertise in interpreting the results are required for reliable performance of the DFA assay (39) .
In the present study, the two DFA-positive samples had a median CT value of 26.75, while the two rRT-PCR positive but DFA-negative samples had a median CT value of 28.75. These findings were consistent with the results of Landry et al. (14) , who found that DFA-positive samples had a median CT value of 26.53, while rRT-PCR positive but DFA-negative samples had a median CT value of 36.18.
By considering the real-time assay as the gold standard for diagnosing hMPV in the current study, the sensitivity, specificity, PPV, NPV and test efficiency of DFA for the detection of hMPV were 50%, 100%, 100%, 95.8% and 96%, respectively. These were in agreement with a study conducted by Chang et al. (40) , who stated that the DFA method showed sensitivity of 58.1%, specificity of 100%, PPV of 100%, NPV of 83% and test efficiency of 85.7% when compared with rRT-PCR assay.
In our study, the analytical specificity of DFA assay was very high (100%) and this yield ensures that DFA is a good negative test. Similar results were reported by different investigators: 94.1% in Italy (41), 97% in Japan (8), 100% in Canada (42) and 99% in Brazil (43) . In contrast, the analytical sensitivity (50%) was found to be lower than studies (44) reported 100% sensitivity and 89% specificity of DFA when compared to RT-PCR assay and concluded that DFA can be securely used in hMPV screening tests. The lower sensitivity of the DFA assay in our study in relation to PCR, could be explained by failure to detect hMPV viruses that have undergone minor changes in epitopes or due to the circulation of a new strain in one sample (viral load, 1 × 10 4 copies/mL) and the low number of virion particles, below the sensitivity of the DFA assay in the other sample (viral load, 500 copies/mL).
In the present study, DFA was found to be rapid and simple, requiring relatively little hands-on time in a clinical laboratory setting. However, it had poor performance. Many factors are related to this situation in a clinical laboratory setting. First, the MAb anti-hMPV needs to be specific to circulating strains to prevent non-specific background staining (14) . Moreover, this technique has a lower sensitivity when compared with rRT-PCR (45) . Also, the reader's subjectivity, the need for specimens with appropriate number of cells and the impossibility of automation are other impediments associated with DFA (46) . Therefore, combining the two methods, with the DFA assay as the first line, followed by RT-PCR for DFA-negative samples, may be the best approach to achieve prompt and sensitive detection of hMPV (17) .
Most of hMPV-infected cases presented in the winter season, with pneumonia as the most common presentation of ARTIs in hMPV-infected patients. Therefore, routine testing for hMPV in infants with ARTI is imperative to avoid unnecessary antimicrobial therapy and to implement infection control precautions.
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